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Abstract 
First reported in the Great Lakes basin in 1988, the zebra mussel (Dreissena polymorpha) 
has spread throughout the Great Lakes and central U.S. With·a direct connection to Lake Erie, 
the New York State Erie Barge Canal was colonized ·by zebra mussels as early as the spring of 
1989. Salmon Creek flows northeast from southern Monroe County to Braddock Bay, and Erie 
Barge Canal water is used to supplement creek flows north of the canal. At the beginning of the 
canal outfall channel to the creek is a dense bed of zebra mussels which has existed since at least 
1990. After the outfall channel merges with the creek, within 75 meters downstream adult 
densities drop to less than one mussel per square meter. In the summer of 1993 veliger counts in 
the canal were on average 52 times greater than they were in Salmon Creek. Water quality in 
the creek and the cana1 were similar. pH ranged from 7.5 to 8.2 in Salmon Creek and from 7.3 
to 8.3 in the canal, both well within the established range of zebra mussels. Temperatu~e in 
! 
' 
Salmon· Creek did not exceed 30°C, the maximum tolerated by zebra mussels, and calcium 
concentrations did not fall below 40ppm, the minimum tolerated by zebra mussels. Particulate 
organic carbon in the creek (21. 6 ± 1.8 ppm) did not differ from that in the canal (21.5 ± 2.3 
ppm). Current in the creek (0.03 - 0.16 m/sec) did not exceed ranges that impair zebra mussel 
settling and growth. Given these appropriate physical habitat and water quality conditions and 
an abundant source of veligers, the factors limiting zebra mussel colonization in Salmon Creek 
appear to be I) detention of zebra mussels by the wetland through which the canal discharge 
flows, 2) filtering of phytoplankton and veligers by the dense bed of adult zebra mussel at the 
beginning of the canal outfall channel, or 3) inappropriate food quality in the creek. 
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Introduction 
The zebra mussel (Dreissena polymorpha) was first reported in the Great Lakes in 1988 
(Hebert et al., 1989), and by. the end of 1989 it had spread throughout the Great Lakes (Hopkins, 
1990). The New York State Erie Barge Canal, with a direct connection to Lake Erie, was also 
colonized irl 1989 (J.M. Haynes, SUNY College at Brockport, personal communication). Many 
of the creeks and rivers crossed by the canal receive water from the canal from late April 
through November (NYST A, 1985). Salmon, Moorman, Brockport, Northrup, Larkin, and 
Allens Creeks, located in Monroe County, New York (Figure I), all receive canal water through 
devices such as siphon tubes, sluice gates, or fixed crest dams. Zebra mussels were observed at 
canal water outfalls near these creeks as early as 1990 (Haynes, personal communication). 
Despite nearly continuous inputs of canal water and zebra mussel ve1igers for 7 months 
each year for 3-4 years, none of the six creeks has.zebra mussels more than 100 m downstream 
from where canal discharges enter the creeks. The pattern of colonization for several years has 
been a dense population of zebra mussels immediately below canal outfalls followed by rapid 
thinning downstream in the discharge channels and very few mussels in the streams. Brockport, 
Northrup and Allens Creeks flow through housing developments for several kilometers below 
their canal discharges, and generally muddy substrates make zebra mussel colonization unlikely. 
However, even rocky substrates are not colonized in Salmon Creek and the other five creeks. 
Salmon Creek was chosen for this study because there is no apparent reason why zebra 
mussels should not successfully colonize the creek. Rocky substrates suitable for attachment are 
abundant, and invertebrate and fish communities indicate a reasonably healthy environment 
(Haynes, unpublished data). Aside from agricultural and suburban run-off common to all 
I' 
streams in Monroe County, there is no evidence of point source pollution in the watershed (NYS 
Dept. of Environmental Conservation, Division of Regulatory Affairs, personal communication). 
In June 1992, approximately 11 km of Salmon Creek downstream from the canal outfall 
was examined for evidence of zebra mussel colonization. Special attention was paid to rocks in 
pools and the edges and undersides of rocks in riffles and runs. dbservations near Adams Basin 
had indicated that zebra mussels concentrated in these areas. Careful examination of Salmon 
Creek confirmed that no colonization occurred beyond 75 meters downstream from where the 
c:anal outfall channel enters the creek. 
My thesis project addressed this question: Given apparently suitable water quality and 
substrate conditions, why have zebra mussels not become established in Salmon Creek? Factors 
likely to influence zebra mussel survival in the creek are water quality parameters (temperature, 
. pH, calcium carbonate concentration), physical conditions ( current; substrate), and biological 
conditions (food availability, predation). I first determined what was known about th� ranges of 
i 
these factors needed for survival of zebra mussels, then compared these values to conditions 
observed in Salmon Creek. 
Literature Review 
Temperature 
Zebra mussels tolerate temperatures ranging from 0° to 32°C, but are considered dormant 
in water below 7°C. Reproduction typically begins between 12° and 16°C (Kovalak, 1989; 
Borcherding, 1991; O'Neill and MacNeill, 1991 ); however, reproduction and fertilization have 
been reported to occur at 3°C (Smit et al., 1993). From 3 to I6°C development is slow; Kovalak 
( 1989) reported that at l 2°C it takes up to 20 hours for embryos to develop into veligers. 
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Temperature does not appear to affect embryonic mortality until it exceeds 20°C (Kovalak, 
1989). 
Growth of veligers is highly dependent on temperature. Smirnova and Vinogradov 
(1990) report�d that development to the post veliger stage takes 7 to 10 days, although other 
reports estimate that development takes as long as 3 weeks (O'Neill and MacNeill, 1991; Sprung, 
1989). The temperature range that permits the fastest growth is 20° to 25°C, with 24°C being the 
ts!mperature of maximum growth (Kovalak, 1989; Sprung, 1989; O'Neill and MacNeill, 1991 ). 
The maximum temperature tolerated by adult zebra mussels is reported as 30° to 32°C (Table 1; 
Iwanyzki and McCauley, 1993; Morton, 1971). 
pH 
Zebra mussels function in a wide pH range. Morton (1971) reported that z�bra mussels 
actively filter in a pH range of 4.6 to 9.5. Embryonic development occurs at pH 7.4 to 9.4, with 
the highest rearing success at pH 8.2 to 8.6 (Ta):,le 1; Morton, 1971). 
Calcium 
Calcium is a critical chemical for shell development of mollusks. While adult zebra 
mussels can tolerate a wide range of calcium concentrations, the embryonic stage requires 
concentrations greater than 40 ppm. Calcium concentrations below 40 ppm may cause 
embryonic cells to disassociate (Kovalak, 1989). Rearing success increases with calcium 
concentrations up to 50 ppm; above 50 ppm rearing success is uninfluenced by calcium (Table 1; 
Sprung, 1993; Kovalak, 1989). 
Currents 
Smirnova and Vinogradov (1990) reported that currents of 0.1 to 1 rn/sec are favorable to 
the living activities of the zebra mussel (Table 1 ), while currents in excess of 1.5 m/sec cause the 
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siphon to deform, and may inhibit filtering. Currents > 2.5 m/sec inhibit settling of veligers 
(O'Neill and MacNeill, 1991). 
Substrate 
By the secretion ofbyssus threads, the zebra mussel is capable of attaching to any hard 
surface free of silt or other loose debris. Zebra mussels have been reported attached to rocks, 
bridge abutments, unionid clams, wood, and vegetation. However, if mussels attach to living 
aquatic macrophytes, they must detach and resettle when the macrophytes die (Smirnova and 
Vinogradov, 1990; Kovalak, 1989). 
Food=I'ype 
The zebra mussel really an omnivore that consumes particulate organic carbon including 
phytoplankton, zooplankton, bacteria, an·d dead organic material (Morton 1971). The critical 
factor in determining food availability is reportetl to be particle size. Sprung and Rose (1988) 
stated that zebra mussels are capable of c~nsuming particles in the range of 1 - 450 µm, although 
I 
15 - 45 µmis preferred (Ten Winkel and Davids, 1983). Particles larger than 450 µm, or 
particles that irritate the tissues of the siphon are ejected as pseudofeces. The most selective life 
stage is the veliger which is capable only of ingesting particles 1 - 4 µm in size (Morton, 1971 ). 
Predation 
Throughout its life cycle the zebra mussel has many potential predators. Larval zebra 
mussels are part of the zooplankton that may fall prey to planktivorous fish or predatory 
zooplankton (Liebig and Vanderploeg, 1994), or be filtered by adult zebra mussels. After 
settling, zebra mussels become prey for fish (freshwater drum, Aplodinotus grunniens, Miller, 
personal observation in the field; and hornyhead chub, Nocomis bigutattus, Haynes, personal 
ooservation in the lab), water fowl (O'Neill and MacNeill, 1991), or benthic invertebrates such 
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as crayfish (Miller, personal observation in the lab; Piesik, 1974). Stewart (1993) reported 
significant increases in the crayfish Orconectes propinquis in Lake Ontario after colonization by 
zebra mussels. 
Summary 
Pre-thesis observations indicated that physical habitat conditions in Salmon Creek are 
suitable for zebra mussels, yet they have riot colonized the creek or other local creeks. There are 
no-water quality,physical habitat, or biolbgical data published for Salmon Creek; howeveF, 
Makarewicz ( 1989) reported water quality and current data for nearby Northrup, Buttonwood, 
and Larkin Creeks (Figure I) to be within the ranges tolerated and preferred by zebra mussels 
(Table 1 ). Based on literature review and observations of Salmon Creek, I tested water quality 
(temperature, pH, calcium) and current in the creek to assure that they, were within ranges 
tolerated by zebra mussels. My leading hypotheses for the failure of zebra mussels to colonize 
Salmon Creek wen� inadequate food quantity or predation. 
Study Site 
Salmon Creek originates from a wetland south of Swamp Road in the Town of Sweden, 
NY and runs north along Salmon Creek Road into Northhampton Park where it flows in an 
easterly direction until it merges with Spring Creek and again turns north. The creek continues 
north across New York State Route 31 into the village of Adams Basin. In Adams Basin, 
Salmon Creek passes under the Erie Canal and flows northeast to Braddock Bay on the southern 
shore of Lake Ontario (Figure 1). In Adams Basin, canal water flows through a set of three 
sluice gates into a SO m channel to Salmon Creek. 
Five sampling sites were selected to monitor zebra mussel density, veliger.density, and 
physical and chemical conditions in Salmon Creek, both above and below the Erie Barge Canal 
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discharge to the cr�ek and in the canal at its outfall to the creek (Figur� 2). Site 1 was farthest 
downstream near the location of the last observ.ed zebra mussel in the creek. Site 2 was 
downstream from the confluence of the cr�k and the canal outfall channel after creek and canal 
water mixed. Site 3 was 40 meters upstream from the canal outfall channel at a convenient 
culvert used for stream gauging (Monroe County right of way, Figure 2). Site 4 was located in 
the canal just in front of the discharge to the canal outfall channel to Salmon Creek. Site 5 was 
located approximately midw�y between the canal outfall channel and Salmon Creek (Figure 2). 
Most comparisons bc;tween the creek and the canal were made from the data collected at 
sites 1, 3 and 4. Site 2 was used strictly to sample veliger abundance and particulate organic 
carbon to determine whether a dilution effect occurred after the canal outfall channel and 
Salmon Creek merged. Site 5, added mjdway through the sampling period, was used in much 
the same manner in an attempt to more precisely determine where veligers were being lost in the 
system. 
Methods 
Physical and chemical samples were collected once each week on Tuesday mornings 
between 8:00 am and noon, beginning on May 11 and ending on September 7, 1993. Calcium 
analysis ended on July 20 ( due to a mismatch of my work schedule and the Limnology 
Laboratory analysis schedule) and veliger sampling continued to October 12. 
Temperature, pH, and Calcium 
The surface temperature of the canal and Salmon Creek was determined at sites l ,  3 and 
4. This was done by submerging a mercury thermometer into the water for I minute. The
thermometer was read immediately.after removal from the water. 
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Calcium and pH were measured at sites 1 and 4. Water samples were taken by pumping 
water into 100 ml brown plastic bottles. Sampfes were taken to the lab and pH was measured 
using a meter (Beckman, 4> 45 or Fisher Scientific, Accumet 1003) which had been calibrated, at 
a temperature of 25°C, to pH standards of 4.0 and 9.4. Calcium was determined using a Perkin 
Elmer 3030 flame atomic absorption spectrophotometer during regular weekly runs in the 
SUNY ·Brockport Water Quality Laboratory. 
Particulate Organic Carbon 
Particulate organic carbon (POC) was measured at sites 1, 2, 3 and 4. Water was 
pumped into 100 ml brown plastic bottles. Samples were placed on ice ahd returned to the lab 
for analysis. When analyses could not be performed immediately, samples were frozen. 'POC 
was determined using a 'modified version of the wet oxidation method described in Wetzel and 
Likens ( 1991 ). The modification was use of a standard curve to determine POC concentrations 
in field samples rather than the calculation method recommended by Wetzel and Likens. 
Current and.Discharge 
Current velocity of Salmori Creek was measured in culverts near sites I and 3 (Figure 2) 
with a pygmy Gurly meter. However, from mid June through August the velocity of Salmon 
Creek at site 3 was so slow that I used the alternative method of floating an orange in the creek 
and measuring the distAnce it traveled in 10 minutes. Velocities were recorded in m/inin in the 
field and converted to m/sec. 
Discharge was determined for sites I and 3 by measuring the depth of the water at the 
culverts and determining the cross sectional area of the stream at these sites. This was done at 
site 1 by measuring the depth of the water every 15 inches and sketching the stream bottom. 
Because site 3 lacked large rocks under the culvert, it was not necessary to measure water depths 
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as frequently. The cross sectional area of the stream at the two culverts was determined through 
the use of a planimeter and was multiplied by the computed current velocities at sites 1 and 3. 
The resulting values estimated the discharge of Salmon Creek in cubic meters per minute above 
and below the canal outfall cnannel. By calculating the difference between sites l and 3, the 
discharge volume of the Erie Barge Canal was determined. 
Veliger Sampling 
Veligers were sampled by pumping 200 L of water through a 64 µm plankton net to 
confirm that they were reaching Salmon Creek and that colonization was possible. The time 
needed to pump 200 L was determined by timing how long it took to pump 10 L of water into a 
bucket and multiplying by 20. Samples were transferred to glass jars, placed on ice, and 
returned to the lab. Veliger samples were counted live under 40x magnification. To assess 
potential settling of veligers in the creek, two bricks were placed in the stream at sites 1, 2 and 3 
in early May. 
Fish Sampling 
Fish were collected by electrofishing in Salmon Creek upstream from site 1 and in the 
canal outfall channel to site 5 (Figure 2) in mid-July in 1992 and 1993. In both locations, 2-4 
fish of each species were collected, fixed in formalin, and returned to the lab. In the lab fish 
stomach contents were examined under 1 OX magnification. Presence or absence of zebra 
mussels was recorded. 
Statistics 
With the exceptions of discharge and veliger counts, data were analyzed using two 
tailed, paired comparison t-tests (a. = 0.05). The values compared were those collected from the 
canal (Site 4) and the furthest downstream site (Site l; Figure 2). 
8 
Results 
Temperature, pH, and Calcium 
Water temperatures of the Erie Canal and Salmon Creek were similar throughout the 
sample period, averaging of 19.6°C and 19.4�C, respectively (t =0.706, P = 0.5 ; Figure 3). The 
lowest temperature (9°C} was recorded on May 25, while the highest temperature (27°C) was 
recorded on July 13. Temperatures remained above 20°C from June 15 until September 7. This 
was a thirteen week period in which the temperature of Salmon Creek was mostly in the optimal 
temperature range, 20°C to 25°C, for growth of zebra mussels (Figure 3, Table 1 ). 
pH was somewhat variable and ranged from 7.5 to 8.7 (mean = 7.9) in the canal and 
from 7.3 to 8 . 3  (mean = 8.0) in Salmon Creek (Figure 4). There was no significant difference in 
pH between locations (t = 0.945, P > 0.37). 
Calcium concentrations also varied in the canal and in the creek, but were always above 
the minimum concentration of 40 mg/L needed for veliger survival and growth (Figµre 5). 
Downstream (site 1) calcium concentrations ranged from 48.8 mg/L to 118.2 mg/L while the 
weekly calcium concentrations averaged 72.5 mg/Lin the creek (site 1) and 62.9 mg/Lin the 
canal. There was no significant difference between the two locations (t =1.887, p = 0.102).
Particulate Organic Carbon 
Particulate organic carbon ranged from 1.7.9 mg/L to 24.5 �g/L in the creek (mean =
21.6 mg/L) and from 18.1 mg/L to 25.7 mg/Lin the canal (mean = 21.5 mg/L; Figure 6). 
Particulate organic carbon levels in Salmon Creek and in the Erie Canal were not significantly 
different (t=0.137, P=0.92). 
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Current and Discharge 
On average, the Erie Canal contributed 86% (range� 74 to 97%) of the flow in Salmon 
Creek (Figure 7). The current velocity of Salmon ·Creek upstream from the canal outfall channel 
(site 3; Figure 2) averaged 0.005 m/sec, and ranged from a high of 0.008 m/sec in May to a low 
of 0.002 rn/sec in August. The discharge of the creek at site 3 had a similar pattern of decline 
from 0.014 m3/min to 0.002 m3/min. Current velocity downstream at site 1 averaged 0.05 m/sec, 
with peak currents of 0.16 m/sec in May decreasing to lows of 0.03 m/sec in August. Discharge 
of Salmon Creek was greater at the downstream site, ranging from 2.54 m3/sec to 0.32 m3/sec. 
Differences in the two discharge readings can be attributed to the water flowing into the creek 
from the canal outfall channel which was calculated to range from 2.11 m3/sec to 0.02 m3/sec 
and averaged 0.20 m3/sec. Both canal site 4 and downstream �ite 1 (Figure 2) showed the same 
pattern of discharge: highly variable in May and stabilizing in late June, after which discharge 
out of the canal ranged from 0.02 m3/sec to 0.04 m3/sec. 
Veliger and Adult Densities 
Veliger densities in the canal (site 4) ranged from Oto 55 individuals/L (0 to 11,040 
individuals/200 L of water sampled). Downstream at site I, considetably fewer veligers were 
found, ranging from Oto 2.3 veligers/L (0 to 232 veligers/200 L) or Oto 3.6 % of the veligers 
counted in the canal water samples. In the five week period that veligers were sampled at mid 
canal outfall channel site 5, only 50 percent or fewer of the canal totals were counted, ranging 
from Oto 12.0 veligers/L (0 to 2400 veligers/200 L; Figure 8). No zebra mussels colonized the 
bricks placed in the stream at any of the sites. 
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Fish Stomach Contents 
Table 2 l'ists the fish species electroshocked from Salmon Creek and the canal outfall in 
1992 and 1993. Fish from 1992 had no zebra mussels in their stomachs (2 to 4 stomachs per 
species). In 1993 all fish but channel catfish (Jctaluru.s punctatus) had insects in their stomachs. 
The channel catfish stomachs contained either vegetative material or nothing. The only fish 
which had eaten a zebra mussel was a homyhead chub taken from the canal outfall channel 
below site 5. The soft tissue of a single zebra mussel remained in the broken shell. The stomach 
of the chub with the zebra mussel also contained at least one insect. 
Discussion 
The physical habitat of Salmon Creek and the similarity of water quality in the creek and 
the hydrologically connected Erie Barge Canal, where zebra mussels are abundant and 
reproducing, indicate there is no reason for zebra mussels not to colonize Salmon Creek. The 
temperature in the creek never exceeded; 30°C, the maximum temperature tolerable for zebra 
! 
mussel growth. Winter temperatures were not measured in this study, but there is no reason to 
expect zebra mussels are unable to survive winter conditions in the creek when they do survive 
harsher conditions in the canal which is drained each winter. Zebra mussels are capable of 
growth and reproduction at temperatures which exceed 3°C, and become dormant at 
temperatures less than 3°C (Smit et al.,1993). These temperatures are typical of western New 
York streams in the winter. More important, Salmon Creek temperatures were generally 
conducive to the growth and development of zebra mussels in the summer. For 13 weeks in 
1993 the temperature of the creek was within ±4°C of 24°C, the temperature of maximum 
growth (Kovalak, 1989; Table 1 ). 
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Although the average pH for the creek and the canal was below the ideal range for zebra 
mussels (8.2 - 8.6), the ranges overlapped (creek range, 7.5 - 8.7; canal range, 7.3 - 8.3) and 
were well within the tolerable pH range (4.6 - 9.5; Morton, 1971; Table 1). Calcium 
concentrations in the canal (range = 46.8 - 83.8 mg/L) and in the creek (range = 48.8 - 118.2 
mg/L) were never below the minimum required for embryonic development of 40 mg/L, and 
were consistently above the 50 mg/L level required to sustain normal embryonic growth rates 
(Kovalak,1989; Table 1). 
Currents in Salmon Creek ranged from 0.03 - 0.16 m/sec, well below the 1.5 m/sec rate 
that impairs growth (Sn1imova and Vinogradov, 1990) and the 2.5 m/sec rate that prevents 
settling (O'Neill and MacNeill, 1991). Even though currents in the creek were often below the 
suggested 0.1 - 1.0 rn/sec ideal velocity (Smimova and Vinogradov, 1990), they were faster than 
in the canal where zebra mussels are abundant. 
Because z�bra mussels are abundant and grow in the Erie Barge Canal, which on average 
I 
contributes 86% of the flow in Salmon Creek and has water quality and current conditions 
indistinguishable from the creek, temperature, pH, calcium and current can be eliminated as 
factors limiting zebra mussel colonization in the creek. Other potential explanations include: ( l) 
predation of zebra mussels by fish, (2) the possibility that currents in Jhe creek carry veligers to 
Braddo�k Bay in a single day, (3) dilution of parti�ulate organic carbon from the canal by water 
from upstream in the creek, (4) differences in food quality between the canal and Salmon Creek, 
and (5) a lack Qf veligers reaching the creek. 
(I) Predation by fish does not appear to litpit zebra mussel colonization, .as demonstrated
by gut content survey. Over two years, only one zebra mussel was found in one fish's stomach. 
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(2) It is unlikely that all zebra mussels entering the creek, and capable of settling, are
carried to Braddock Bay in one day. Larval development of veligers lasts 6 - 10 days (Kovalak, 
1989; Smimova and Vinogradov, 1990). The distance from the canal to Braddock Bay is 16.2 
km. For a veliger to travel this distance in one day would require an average current velocity of 
0.19 m/sec which is quadruple the average velocity of 0.05 m/sec measured in the creek (i.e., it 
would take approximately four days for a veliger to travel from the canal to Braddock Bay). 
Thus, assuming an 8 day veliger developmental period, approximately half of the veligers 
entering the creek should be at or near the settling stage while in Salmon Creek. It does not 
appear likely that loss of veligers to Braddock Bay is limiting colonization of Salmon Creek. 
(3) At the beginning of this study, I hypothesized that particulate organic carbon would
decrease as canal water moved over existing zebra mussel colonies in the outfall channel and 
was diluted by Salmon Creek. However, this was not the case. Canal water contributed over 
85% of creek flows and POC did not differ between canal (mean = 21.5 mg/L) and creek (mean 
= 21.6 mg&) water. Thus, food quantity, as measured by POC, can be eliminated as a possible 
factor limiting zebra mussel colonization of Salmon Creek. 
( 4) My literature review ( 1993) indicated that POC particle size was the critical aspect of
diet for zebra mussels; 15 - 45 µm is the preferred size range, but 1 - 450 µm particles can be 
filtered and ingested (Ten Winkel and Davids, 1983). Presentations at recent professional 
meetings suggest that food quality, not just particle size, also is important. Stoeckman and 
Gerton (Ohio State University, Columbus, OH, personal communication) found better survival 
among cultured zebra mussels using a commercially prepared diet with marine algae higher in 
fatty acids than the marine algae in the control diet. Liebig and Vanderploeg ( 1994) reported 
that the key to raising Dreissena in culture is providing small sized, nutritious algae, particularly 
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freshwater Ch/ore/la (3 µm diameter) rich in long chain polyunsaturated fatty acids. This size of 
food is especially important to veligers (Morton, 1971 ). The Erie Barge Canal can be considered 
a long lak� it has many of the physical and biological properties of a lake, among which is the 
presence of phytoplankton and bacteria suitable for zebra mussel feeding. Chlorophyll a levels 
in the canal in the summer of 1993 suggested a moderate to high level of phytoplankton 
abundance (Greg Lampman, SUNY Brockport, personal communication) Tlie high abundance 
of zebra mussels in the canal is undoubtedly related to its rich food supply. Since phytoplankton 
does not readily occur in streams, it is quite possible that the POC of Salmon Creek doe& not 
meet the qualitative nutritional requirements of zebra mussels. 
(5) Veligers are not reaching the creek successfully. The number of veligers per liter of
water in the canal (mean = 13 veligers/L) was considerably greater than in the creek (mean< l 
veliger/L). Slightly more than 1% of the veligers coming out of the canal were counted at the 
farthest downstream point (site I, Figure 2). Only on July 13, when the maximum number of 
veligers were counted in'the canal, was more than one veliger per liter counted at the 
downstream site. :rhis prompted the addition :of a veliger sampling station at the midpoint ·of the 
outfall channel (site 5·, Figure 2). Even at this location, 15 m from the canal-outfall, veliger 
counts decreased by more than 60%. Obviously, something prevents veligers from moving 
down stream. 
Near the base of the canal outfall to Salmon Creek is a dense colony of adult zebra 
mussels and a small wetland. These conditions may create a "biotic sponge" which removes 
phytoplankton or veligers from the canal water flowing into Salmon Creek. Adult zebra mussels 
may filter phytoplankton or veligers from canal water, thus depriving Salmon Creek of 
appropri"ate quality food (phytoplankton) or a source of veligers. Some zebra mussels were 
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observed attached to vegetation in the wetland which may also reduce the number of veligers 
entering Salmon Creek. 
Veliger counts reported in this study indicate that the physical conditions of the canal 
outfall channel largely prevent zebra mussel veligers from entering and colonizing Salmon 
Creek. Occasional adult zebra mussels have been found in the creek, but no colonies have 
become established in four years. Because 80% of flows in Salmon Creek typically occur during 
only a few seasonal storm events annually (Makarewicz, personal communication), it is possible 
that zebra mussels colonizing the creek are scoured off during events. Food quality (i.e., 
phytoplankton) in the creek may be a further limiting factor, but does not seem to be of primary 
importance at this time because veligers are not reaching Salmon Creek. 
Why have zebra mussels not colonized other creeks in the local area? The physical 
habitat of the Salmon Creek outfall channel was compared to the habitats at the outfalls of 
Brockport, Northrup and Allens Creeks. The outfall of Brockport Creek flows into a large 
wetland area which separates it from the actual creek where there are no zebra mussels. Since 
veligers need moving water to spread, they may be trapped in the wetland and prevented from 
entering Brockport Creek. Near their outfalls, Allens and Northup Creeks have predominately 
muddy bottoms unsuitable for zebra mussels. Thus, it appears that zebra mussels are having a 
difficult time colonizing streams fed by the Erie Barge Canal in Monroe County, NY, which is 
good news considering the impacts they have on lake systems. 
If this study were to be extended, I would suggest two approaches: ( 1) examine the 
potential of the adult zebra mussels in the canal outfall and the associated wetland to filter or 
trap veligers, and (2) qualitatively examine the composition of particulate organic carbon, 
especialy phytoplankton in the canal and in the creeks. This would permit more effective 
15 
evaluation of the two remaining hypotheses for why zebra mussels are not colonizing local 
creeks. 
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Table 1. Tolerated and optimal ranges of important environmental parameters for zebra mussels. 
Makarewicz.(1989) reported water quality data for nearby Larkin, Buttonwood and Northrup 
Creeks. This study reports data for Salmon Creek. 
Tolerated Optimum 
Parameter Range Range Makarewicz (1989) Salmon Creek 
Temperature (°C) 0-30 1 20-25 1 1-27 9-27
pH 4.6 -9.5 2 8.2 - 8.6 2 7.5 - 8.5 7.3 -8.3 
Calcium (mg.IL) > 40 u > so l,3 61- 68 49-118 
Current (m/sec) > 0 -2.5 4.5 0.1 -1 4,S <l 0.03 -0.16 
Food Particle Size (mm) 1 - 450 2.6..7 15 - 45 2.6.7 not reported not examined 
CKovalak, 1989; 2Morton, 1971; 3Sprung, 1993; "Sminova and Vmogradov, 1990; 50'Neill and 
MacNeill, 1991; 6Sprung and Rose, 1988; 7Ten Winkel and Davids, 1982.) 
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Table 2. Fish species electroshocked in Salmon Creek in 1992 and 1993. Some species were 
collected in 1992 and 1993 (indicated by 1 , otherwise the species were caught only in 1993. A 
single adult zebra mussel was found in the stomach of a single homyhead chub (*). 
Northern hog sucker+ 
White sucker 
Channel catfish 
Log perch 
Fantail darter 
Rainbow darter+ 
Rockbass+ 
Cutlips minnow+ 
Striped shiner 
Creek chub+ 
Homyhead chub+• 
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Hypentelium nigricans 
Catostomus commersoni 
lctalurus punctatus 
Percina caprodes 
Etheostoma flabellare 
Etheostoma caeruleum 
Ambloplites rupestris 
Exoglossum maxi/lingua 
Luxilus chrysocephalus 
Semotilus atromaculatus 
Nocomis biguttatus 
Figure 1. Locations of Monroe County creeks mentioned in this paper. (I) Moorman Creek, (2) Brockport Creek, (3) Salmon Creek, 
4) Spring Creek, (5) Buttonwood Creek, (6) Northrup Creek; (7) Larkin Creek, (8) Allens Creek.
AdartB Basin
(Sbxiy Site) 
Lake Ontario 
�
Monroe county 
Irondequoit 
Figure 2: The atudy site was located in AdaJ)lS Basin, :tN. Sample sites 1 through S are indicated 
on the diagram as: Sl, S2, S3, S4, and SS 
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Figure 3. Temperature of Saltnon Cr.eek and the Erie Canal. Although it rained heavily the 
pr.evious-day, the dip in the temperature at the upstream site on July 13 is believed to have been 
caused by a thermometer r�ding error. 
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Figure 4. The pH of Salmon Creek and the Erie Canal. The pH tolerance range for Dreissena 
polymorpha is 4.6 - 9.5. 
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Figure 5. Calcium concentration in Salmon Creek and the Erie Canal. The minimum calcium 
concentration required for veliger survival is 40 mg/L. 
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Figure 6. Particulate organic carbon in Salmon Creek and the Erie Canal. 
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Figure 7. Percent contribution of Erie Canal water to Salmon Creek flow 
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Figures Sa and b. Veliger densities-in Salmon Cceek (a) and in the Erie canal and outfall channel 
(b). 
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Appendix: Summary Data and Statistics 
Temoerature {°C) 
Date N. Canal Rd. (SI) S. Canal Rd. (S2) Canal Outfall (S4) 
05/11/93 12 12.5 10 
05/18/93 13 12 11 
05/25/93 9 9 9.5 
06/01/93 17 17.5 19 
06/08/93 i8 18 20 
06/15/93 20 20 21 
06/22/93 20 20 18 
06/29/93 20 20 21 
07/06/93 25 24 26.5 
07/13/93 27 19 27 
07/20/93 23.5 25 24 
07/27/93 23.5 24 24 
08/03/93 23.5 24 24 
- 08/10/93 20 20 20 
08/17/93 20 20 i 20 
08/24/93 20 20 i ' 20 
08/31/93 20 20 20 
09/07/93 18 18 18 
Average 19.42 19.06 19.61 
Max 27 25 27 
Min· 9 9 9.5 
Sum of squares 355.63 313.44 438.78 
Variance 19.76- 17.41 24.38 
Standard deviation 4.44 4.17 4.94 
' 
Standard error 0.28 
-t test value (St v S4) 0.71 
p value 0.5 
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Date 
05/11/93 
05/18/93 
05/25/93 
06/01/93 
06/08/93 
06/15/93 
06/22/93 
06/29/93 
07/06/93 
07/13/93 
07/20/93 
07/27/93 
08/03/93 
08/10/93 
08/17/93 
08/24/93 
08/31/93 
09/07/93 
Average 
Max 
Sum of squares 
Variance 
Standard deviation 
Stanci�d Error 
t test value (S 1 v S4) 
p value 
H I) 
N Canal Rd. (Sl} 
7.52 
7.52 
7.6 
7.8 
ij.01 
8·24 . � 
7.79 
7.95 
8.7 
7.75 
7.95 
8.5 
7.6 
1:8 
7.5 
no data 
8.7· 
8.3 
7.51 
8.7 
7.5 
62.33 
3.46 
1.86 
0.42 
0.95 
0.37 
31 
Canal Outfall (S4) 
7.36 
7.36 
7.5 
7.9 
,  
8.29 
8.08 
8:2. 
1.66-
8.19 
7.92 
8.19 
8.1 
8.2 
8.2 
7.3 
7.6 
8.2 
8.1 
7.91 
8.29 
7.3 
2.04 
0.11 
0.34 
Calcium (ppm) 
Date N Canal Rd. (S 1) Canal Outfall (S4) 
05/11/93 67.27 83.83 
05/18/93 52.83 59.56 
05/25/93 59.65 46.78 
06/01/93 83.86 58.14 
06/08/93 48.83 58.23 
06/15/93 118.15 76.35 
06/22/93 86.88 57.07 
06/29/93 75.51 60.41 
07/06/93 65.37 62.01 
07/13/93 57.35 53.8 
07/20/93 81.6 75.26 
Average 72.48 62.86 
Max 118.15 83.83 
min 48.83 46.78 
Sum of Squares 26,405.43 18,113.13 
Variance 357.42 110.09 
Standard deviation 18.91 10.49 
standard error 5.1 
t test value 1.89 
p value 0.1 
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Particulate Organic Carbon (mg/L) 
Date N Canal Rd. (S 1) Canal Outfall (S,�)
05/11/93 21.96 18.44 
05/18/93 24.47 21.96 
05/25/93 22.71 . 25.73 
06/01/93 22.96 ·25.73
06/08/93 23.72 . 21.5
06/15/93 23.72 ·23.21
06/22/93 22.21 i9.94 
06/29/93 22.21 19.19 
07/06/93 21.45 22.08 
07/13/93 20.2 21 .. 45 
07/20/93 19.19 21.45 
07/27/93 no data no data 
08/03/93 19.94 19.94 
08/10/93 19,44 22.21 
08/17/93 17.99 18.18 
Average 21.58 21.5 
Max 24.47 25-.73 
Min 17.99 18.18 
Sum of squares 1,498.48 1,508.46 
Variance 3.52 5.02 
Standard deviation 1.88 2.24 
Standard Error 0.6 
t test value (S 1 v S4) 0.14 
p value 0.92 
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Veliger per liter 
Date N. Canal Rd S. Canal Rd. Upstream Canal Outfall :Mid Outfall 
(SI) (S2) (S3) (S4) (S5) 
05/11/93 0 NODATA 0. 0 NODATA 
05/18/93 0.04 NODATA 0 0.04 NODATA 
05/25/93 0 NODATA 0 0 NODATA 
06/01/93 0.08 NODATA 0 0.76 NODATA 
06/08/93 0.08 0.12 0 2.82 NO DATA 
06/15/93 0 0.04 0 3.2 NODATA 
06/22/93 0 0.36 0 3.68 NODATA 
06/29/93 0.36 0.46 0 34.14 NODATA 
07/06/93 0.26 0.32 0 46.26 NODATA 
07/13/93 1.16 0.69 0 55.2 NODATA 
07/20/93 0.72 0.88 0 23.62 12 
07/27/93 0.28 0.12 0 16.56 2.2 
08/03/93 0.25 0.11 0 16.5 2.18 
08/10/93 0.14 0.11 0 3.63 2.47 
08/17/93 0.02 0.28 0 2.23 0.47 
08/24/93 0.12 0.06 0 1.57 0.49 
08/31/93 0.07 0.09 0 1.64 NODATA 
09/07/93 0.12 0.15 0 2.16 NODATA 
09/14/93 0.01 0.04 0 0.24 NODATA 
09/21/93 0 NODATA 0 0.1 NODATA 
0928/93 0 NODATA 0 0.1 NODATA 
10/05/93 0 NODATA 0 0.03 NODATA 
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Current / Discharge of Salmon Creek 
Current (m/min) Discharge O.t'/min) 
Date N. Canal Rd. South of Canal N. Canal Rd. South of Canal Canal 
(SI) (S3) (SI) (S3) 
05/11/93 9.34 0.48 lS.22 0.84 14.38 
05/18/93 3.02 0.48 4.39 0.84 3.55 
05/25/93 5.96 0.27 8.81 0.47 8.34 
06/01/93 5.33 0.27 12.96 0.47 12.49 
06/08/93 3.22 0.3 7.84 0.61 7.23 
06/15/93 4.7 0.3 6.94 0.51 6.43 
06/22/93 2.17 0.3 2.73 0.51 2.22 
06/29/93 1.53 0.3 l.93 0.5 1.43 
07/06/93 0.69 0.3 0.81 0.5 0.31 
07/13/93 2.17 0.3 2.07 0.51 1.56 
07/20/93 1.96 0.3 2.38 0.51 1.87 
07/27/93 2.17 0.3 2.64 0.5 2.14 
08/03/93 2.17 0.4 2.34 0.S9 1.75 
08/10/93 2.17 0.4 2.34 0.53 1.81 
08/17/93 2.59 0.1 2,61 0.13 2.48 
08/24/93 1.96 0.1 1.98 0.13 1.85 
08/31/93 l.96 0.1 2.11 0.13 1.98 
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